The present investigation compared the North American Adult Reading Test (NAART), Wide Range Achievement Test-3 (WRAT-3) Reading subtest, Barona, and Oklahoma Premorbid Intelligence Estimate Best (OPIE) premorbid intelligence estimates in 64 chronic pain patients across three intelligence ranges. Results for the entire sample revealed that the NAART, Barona, and OPIE Best equations overestimated Wechsler Adult Intelligence Scale -Revised Full Scale IQ (WAIS-R FSIQ), while the WRAT-3 underestimated FSIQ. When the sample was divided into three intelligence ranges, the OPIE more accurately classified individuals with above average intelligence, while the WRAT-3 more accurately classified individuals with below average intelligence. Three methods (NAART, OPIE, and WRAT-3) provided relatively equivalent classifications of individuals in the average intelligence range. The Barona method tended to systematically under-and overestimate FSIQ across the intelligence continuum. These results suggest the potential utility of using different estimation methods for individuals in different IQ ranges, and speak to the need for development of estimation methods that incorporate current reading ability with best performance
Introduction
Interpretation of current neuropsychological performance in the context of estimated premorbid intellectual levels is a critical component of a clinically useful neuropsychological evaluation. Indeed, accurate estimation of premorbid intelligence is necessary to prevent errors such as under-or overestimation of a patient's level of cognitive decline. In the absence of objective information about the patient's premorbid level of functioning (i.e., preexisting test results; academic records, employment history, etc.), clinicians often rely on estimation methods such as ''hold-don't hold'' tests (Wechsler, 1958) , the ''best performance'' method (Lezak, 1983) , various reading tests (e.g., Blair & Spreen, 1989; Wilkinson, 1993) , demographic regression formulae (e.g., Barona, Reynolds, & Chastain, 1984; Crawford & Allan, 1997) , or regression formulae that combine demographic variables and current performance levels (e.g., Grober & Sliwinski, 1991; Kareken, Gur, & Saykin, 1995; Scott, Krull, Williamson, Adams, & Iverson, 1997) . Many of these methods demonstrate problems such as under-or overestimation of IQ and range restriction (Eppinger, Craig, Adams, & Parsons, 1987; Ritchie, Lam, & Rankin, 1996; Scott et al., 1997) . Improved understanding of which premorbid IQ estimates adequately address these clinically significant limitations continues to be a major challenge within the field of neuropsychology.
Approaches to estimation of premorbid intelligence traditionally rely on either current performance levels believed to be resistant to neurologic insult or demographic variables believed to be related to intelligence. Estimates that rely on current performance levels, such as Wechsler's (1958) ''hold-don't hold'' approach and Lezak's (1983) ''best performance'' method assume that some aspect of the patient's current performance is spared following neurologic injury and that this performance is correlated with the patient's overall premorbid functioning. However, research has shown that so-called ''hold'' functions often demonstrate decline following neurologic injury (Russell, 1972) , and that ''best performance'' methods may provide an overestimate of premorbid intelligence (Klesges & Tröster, 1987) . Further, regression to the mean plagues both of these methods, resulting in frequent overestimation of premorbid functioning (Reynolds, 1997) . Assumptions that overall premorbid functioning can be accurately predicted from a single ''spared'' cognitive domain have been disputed by research that has shown that normal subjects demonstrate significant variability in functioning across different cognitive domains (Gladsjo, Heaton, Palmer, Taylor, & Jeste, 1999 , and see Franzen, Burgess, & Smith-Seemiller, 1997 for a review of this issue as it relates to ''best performance'' methods of premorbid intelligence estimation). Reynolds (1997) recommends against using both ''hold-don't hold'' and ''best performance'' methods in clinical settings, due to these numerous problems.
Measures of current reading ability, such as the North American Adult Reading Test (NAART) and the Reading subtest of Wide Range Achievement Tests (Revised and 3rd editions, WRAT-R and WRAT-3) have also been used as estimates of premorbid functioning based on the assumption that reading ability is relatively stable in a normal population, and should therefore be preserved following cerebral insult (Blair & Spreen, 1989; Nelson & O'Connell, 1978) . However, research has shown that WRAT-R Reading scores do not remain stable in patients with a history of neurologic insult whose cognitive deficits improve over time (Johnstone & Wilhelm, 1996) , suggesting that this measure is assessing something other than premorbid abilities. Performance on the NAART has also been shown to deteriorate in patients with CNS disease, including dementia (e.g., Patterson, Graham, & Hodges, 1994) . Further, several studies have demonstrated that the NAART overestimates premorbid IQ for individuals in the lower intelligence ranges, and that both the NAART and the WRAT-R underestimate premorbid IQ for individuals in the higher intelligence ranges (Johnstone, Callahan, Kapila, & Bouman, 1996; Wiens, Bryan, & Crossen, 1993 ; also see Franzen et al., 1997 , for an extensive review of empirical studies related to the utility of the NAART).
Measures that combine demographic variables such as age, education, race, and occupational history to estimate premorbid intelligence (e.g., Barona et al., 1984; Crawford & Allan, 1997) have many advantages, including avoidance of the effects of current ability levels or CNS injury (Reynolds, 1997) . Barona et al. (1984) developed one of the most commonly used demographically based premorbid intelligence estimates; while this formula displays adequate predictive validity in estimating Wechsler Adult Intelligence Scale -Revised Full Scale IQ ((WAIS-R FSIQ) for individuals in the borderline and average intelligence ranges (Barona et al., 1984) , it can provide significant under-or overestimates in cases where premorbid IQ is above 120 or below 69 (Barona et al., 1984 ; also see Franzen et al., 1997 for a review of literature related to the limitations of the Barona). Equally problematic, the standard error associated with the Barona FSIQ estimate is quite high, leading to suggestions that it be used to provide only a general estimate of the range of premorbid functioning (Barona et al., 1984; Spreen & Strauss, 1998) . Research comparing the NAART to the Barona method has shown that the NAART is a stronger predictor of premorbid IQ (Blair & Spreen, 1989) .
More recently, attempts at pairing current performance measures with demographic variables have achieved some success in increasing the power of prediction of premorbid IQ. While several estimation methods have combined reading ability with education (e.g., Grober & Sliwinski, 1991; Kareken et al., 1995) to estimate premorbid IQ, the Oklahoma Premorbid Intelligence Estimate (OPIE; Krull, Scott, & Sherer, 1995) is the only existing method that combines current performance levels (i.e., WAIS-R Picture Completion and Vocabulary subtest performance) with a broad range of demographic variables (e.g., age, education, race, occupation) in order to estimate premorbid IQ. Krull et al. (1995) have shown that the OPIE more closely approximates actual WAIS-R scores and is less likely to overestimate premorbid IQ, when compared with the ''best performance'' method (Lezak, 1983) . More recently, Scott et al. (1997) developed the OPIE Best method, in which demographic variables are combined with the best performance on either the WAIS-R Picture Completion or Vocabulary subtest in order to avoid the potential of decreased predictive validity caused by focal lesions. The OPIE Best estimate has been shown to produce less range restriction and less under-or overestimation of premorbid IQ, when compared with the OPIE, NAART, and demographic variables (Scott et al., 1997) .
As this review suggests, the clinical utility of current methods of premorbid intelligence estimation is undermined by problems with range restriction and systematic under-or overestimation of IQ. Several studies have compared a broad array of premorbid intelligence estimation methods in normal and impaired populations (i.e., Scott et al., 1997) , while others have compared a smaller array of methods across different IQ ranges (i.e., Wiens et al., 1993) . To our knowledge, no study has conducted a comprehensive evaluation of the relative accuracy of premorbid intelligence estimates for different IQ ranges; it is believed that such an effort might highlight a preferred estimation method. At the very least, a preferred method would be expected to predict premorbid intelligence without systematic under-or overestimation and produce a range similar to that of true IQ scores. The present investigation compares traditional estimation methods with contemporary estimation methods across the intelligence continuum in a non-neurologic patient sample. We hypothesize that the OPIE Best method will be the most accurate method for classifying premorbid IQ across different intelligence ranges, when compared with the Barona, WRAT-3, and NAART methods.
Method

Participants
A total of 64 consecutively referred patients, aged 21 years and older, served as study participants. Participants were non-neurological (i.e., chronic pain) controls referred for evaluation. Subjects were excluded from the analyses if they had a history of learning disability or CNS injury/disease (e.g., traumatic brain injury, stroke, or other neurologic injury that might have affected their neuropsychological functioning). Demographic data for the entire sample is as follows: average age = 40.8 (11.0); average education = 12.6 (2.8); 25 male and 39 female; 55 Caucasian and 9 African American; 59 right-handed, 4 left-handed, and 1 ambidextrous. Each participant was administered the WAIS-R (Wechsler, 1981) within the context of a comprehensive neuropsychological evaluation. Premorbid IQ scores were calculated for each participant using one or more of the following methods: OPIE Best estimate, Barona estimate, NAART estimate, and/or the WRAT-3 Reading subtest. Participants were selected for inclusion in the present analyses if a premorbid IQ estimate had been calculated using at least one of the above methods. Not all subjects received all methods of premorbid IQ estimation.
Procedure
The WAIS-R was administered and an FSIQ score was calculated for each participant. One or more of four different premorbid IQ estimates was also calculated for each participant. Two of the estimation methods utilized regression equations, while the other two methods utilized measures of current reading ability.
All of the premorbid IQ estimates were calculated using previously published regression equations and/or estimation procedures. The OPIE Best FSIQ estimate was calculated using the regression formula developed by Scott et al. (1997;  see Appendix of citation for regression equation). In accordance with this formula, the OPIE Best estimate for each subject was calculated using demographic variables (i.e., age, education, race, occupation) and either the WAIS-R Vocabulary or Picture Completion subtest raw scores, with selection contingent upon which subtest had the higher non-age-corrected scaled score. The Barona FSIQ estimate was calculated using the regression formula developed by Barona et al. (1984;  see p. 886 of citation for regression equation), which utilizes demographic variables (age, gender, race, education, occupation, and geographic region). The NAART was administered, and the FSIQ estimate was calculated using instructions by Blair and Spreen (1989, see p. 133 of citation for equation). The WRAT-3 Reading subtest was administered according to standard instructions (Wilkinson, 1993) , and the age-corrected standard score obtained from the Appendix in the manual was used as an FSIQ estimate.
For the analyses in which estimates were compared across the intelligence continuum, (i.e., Results by IQ group), participants were divided into three IQ groups using their WAIS-R FSIQ scores: below average (WAIS-R FSIQ scores of 89 and below), average (WAIS-R FSIQ scores of 90 to 109), and above average (WAIS-R FSIQ of 110 and above).
Analysis of educational differences between the three IQ groups revealed educational means (S.D.) for each group as follows: below average IQ group = 10.7 years (2.2); average IQ group = 13.3 years (2.3); above average IQ group = 15.1 years (2.5). One-way ANOVA revealed a significant main effect of education, F(2,61) = 16.5, p < .0001. Comparisons with Bonferroni correction revealed that the below average IQ group had a significantly lower education than the average and above average IQ groups. Table 1 summarizes mean obtained and estimated FSIQ scores for the sample, along with the number of participants for whom it was possible to calculate each estimate. Initial analyses were performed to investigate the relative utility of the four prediction methods (i.e., Table 1 Means, standard deviations, ranges and correlations with WAIS-R FSIQ for entire sample Paired sample t tests, with Bonferroni correction for multiple comparisons, revealed that the OPIE Best, Barona, and NAART equations significantly overestimated WAIS-R FSIQ: t(59) = 7.79, p < .001; t(63) = 7.63, p < .001; and t(52) = 5.47, p < .001, respectively. The WRAT-3 significantly underestimated WAIS-R FSIQ, t(39) = 2.70, p = .010.
Results
Results for the entire sample
Results by IQ group
Subsequent analyses examined the relative utility of the four prediction methods for three different IQ ranges (i.e., below average, average, above average). Table 2 presents score ranges, means, and standard deviations for each estimation method. In the below average IQ group, none of the estimates yielded a range of scores that approximated the range of the obtained WAIS-R FSIQ scores. In the average and above average IQ groups, the OPIE and NAART equations yielded a range of scores that most closely approximated the range of the obtained WAIS-R FSIQ scores. Examination of individual estimation methods revealed that the OPIE scores generally overestimated FSIQ in the below average and average IQ ranges, while the WRAT-3 scores underestimated FSIQ in the below average and above average IQ ranges. The mean Barona and NAART scores overestimated FSIQ in the below average and average ranges and underestimated FSIQ in the above average range. Because evaluation of mean scores may be misleading, especially in cases where cell size is small, estimation methods were evaluated based on their predictive accuracy. Specifically, we examined how many subjects were correctly classified into an IQ range using each estimation method (e.g., how many subjects did each method correctly classify into the below average IQ range, when obtained WAIS-R FSIQ score also classified them into the below average IQ range, etc.). In order to further evaluate the estimation methods, difference scores (i.e., difference between the estimated IQ score and the obtained WAIS-R FSIQ score) for those subjects who were incorrectly classified were also calculated. Table 3 summarizes these results.
The ability of each estimation method to classify subjects into the correct intelligence range, (i.e., WAIS-R FSIQ 89 and below = below average; 90-109 = average; 110 and above = above average) was preliminarily assessed across the entire group of subjects. Agreement with the obtained WAIS-R classifications occurred in 31 out of 64 cases (48%) for the Barona equation, 34 out of 53 cases (64%) for the NAART equation, 41 out of 60 cases (68%) for the OPIE equation, and 25 out of 40 cases (63%) for the WRAT-3 method.
When classification rates were examined separately for the low average intelligence range, agreement with the obtained WAIS-R classifications occurred in 32% of cases for the Barona equation, 42% of cases for the NAART equation, 48% of cases for the OPIE equation, and 69% of cases for the WRAT-3 method. Examination of difference scores for incorrectly classified subjects revealed that the WRAT-3 yielded the lowest mean difference score Table 3 Number of subjects correctly classified and difference score means, standard deviations, and ranges for incorrectly classified subjects by IQ range (M = 8.8; S.D. = 4.8), when compared with the other methods (because of small and unequal cell size, statistical analysis of mean difference score differences across estimation methods was not performed). When classification rates were examined separately for the average intelligence range, agreement with the obtained WAIS-R classification was 64% for the Barona equation, 80% for the NAART equation, 77% for the OPIE equation, and 73% for the WRAT-3 method. Examination of difference scores for incorrectly classified subjects revealed that the WRAT-3 yielded the lowest mean difference score (M = À 5.8; S.D. = 7.5), when compared with the other estimation methods. Finally, when classification rates were examined separately for the above average intelligence group, agreement with the obtained WAIS-R classification was 46% for the Barona equation, 67% for the NAART equation, 91% for the OPIE equation, and 33% for the WRAT-3 method. Examination of difference scores for incorrectly classified subjects revealed that the OPIE yielded a relatively low difference score ( À 4.9, for the one subject who was incorrectly classified using this method) that was similar to the mean difference score of the three subjects incorrectly classified by the NAART (M = À 4.7; S.D. = 2.1). In the above average IQ group, the mean, standard deviation, and range of scores for the WRAT-3 was particularly large, when compared with the other estimation methods.
Discussion
The present results support findings from previous studies, which suggest that many of the current methods of premorbid IQ estimation systematically under-or overestimate IQ Ritchie et al., 1996; Wiens et al., 1993) . Our study revealed that, for an entire sample of non-neurologic patients, all four methods investigated (OPIE Best, Barona, NAART, and WRAT-3 Reading subtest) produced mean IQ estimates that were significantly different from mean obtained WAIS-R FSIQ scores. The OPIE Best method was found to produce a range of scores most similar to that of the obtained IQ scores in this population, while the other methods suffered from range restriction problems either at the lower end of the IQ range (i.e., Barona and NAART) or at the higher end of the IQ range (WRAT-3).
Estimated IQ scores were examined in terms of their ability to correctly classify subjects into specific intelligence ranges (below average, average, and above average). For subjects in the below average IQ range, the WRAT-3 Reading subtest produced relatively more correctly classified subjects (69%) than the other methods and, for those subjects who were incorrectly classified, this measure yielded a relatively lower mean difference score when compared with the other methods. For subjects in the average IQ range, the NAART and OPIE correctly classified relatively more subjects, when compared with the other methods (80% and 77%, respectively). However, the WRAT-3 also performed relatively well for subjects in the average IQ range, with 73% correct classification; this measure also yielded a relatively lower mean difference score for those subjects who were incorrectly classified, when compared with the other methods. For individuals in the above average intelligence range, the OPIE performed relatively better than other methods, with 91% of cases correctly classified (all but one); further, this method yielded a mean difference score that was relatively lower than that of the Barona and WRAT-3. The NAART also performed relatively well in the above average intelligence range, with a high level of correctly classified subjects and a low mean difference score for those subjects who were incorrectly classified. The Barona equation performed relatively poorly across all three IQ ranges, in several cases classifying participants at close to chance levels (i.e., 32% and 33% correct classification for the below average and above average IQ ranges, respectively).
Several features of this sample deserve mention as they potentially limit the generalizability of the present findings. The current sample consisted of a non-neurological, chronic pain population referred for evaluation, and cannot be assumed to have performed in a manner consistent with a normal, nonpatient sample. Factors such as pain focus and medications may have had subtle effects on the performance of these participants, resulting in possible changes in IQ test performance, and thus affecting the accuracy of IQ estimation methods. Further, while there is no reason to believe that these participants were malingering cognitive deficits, symptom validity tests were not routinely administered as part of the examination from which these data were obtained. Thus, we are unable to control for the possibility of functional impairment or malingering, which might specifically bias our findings with respect to participants in the below average IQ range.
While these results clearly need to be validated on a larger and more heterogeneous sample, clinically, these findings suggest that clinicians and researchers alike may wish to consider using different premorbid IQ estimates depending upon the estimated range of intelligence of the individual being assessed. Specifically, our study suggests that, for individuals in the above average intelligence range, the OPIE Best method appears to provide a more accurate estimate of premorbid IQ, while for individuals in the below average intelligence range, the WRAT-3 Reading subtest may provide the more robust estimate. Our results suggest that the NAART, OPIE, and WRAT-3 perform in a relatively equivalent manner for individuals in the average range of intelligence. Finally, the Barona tends to systematically under-and overestimate FSIQ across the intelligence continuum, and appears to be of relatively lower utility in predicting premorbid intelligence. Clearly, factors other than estimated premorbid intelligence range should also play a role in choice of estimation method. For example, tests of reading ability (i.e., NAART and WRAT-3 Reading subtest) would be inappropriate for individuals with a history of a reading disability, and estimation methods that rely heavily on educational level (i.e., Barona and OPIE Best) would be inappropriate for persons who sustained traumatic brain injury and/or were tested prior to the completion of their education (Heaton, 1991) .
Accurate estimation of premorbid intellectual functioning is a critical tool in the armamentarium of the neuropsychological evaluation. In light of the current findings, future investigations should endeavor to examine the utility of combining traditional and contemporary IQ estimation methods (i.e., OPIE Best estimate and current reading ability) into a combined algorithm for the prediction of premorbid intelligence. Also, given the publication of the Wechsler Adult Intelligence Scale-III (WAIS-III; Wechsler, 1997) , it is necessary to reevaluate these premorbid estimation procedures utilizing the most recent version of the intelligence scale. Considering the strong correlation between WAIS-R FSIQ scores and WAIS-III FSIQ scores (Wechsler, 1997) , it is expected that the current findings will provide a useful foundation upon which to build. Finally, these results suggest that although certain traditional and contemporary methods can indeed provide valid and clinically useful premorbid IQ estimates, preexisting standardized IQ test results remain the gold standard in illuminating premorbid intellectual abilities. Clinicians and researchers should continue to exercise caution in interpretation when using current methods of premorbid intelligence estimation.
